restricted to the early consolidation phase of LTF. We characterize the conditions required for R subunits to be degraded and explain why only a fraction of the ‡ To whom correspondence should be addressed (e-mail: jhs6@ columbia.edu).
Results
An Autonomous PKA Is Only Required Early during Formation of LTF Protein kinase A inhibitor fragment 6-22 amide (PKI), a Injecting PKA C Subunits into Sensory potent inhibitor of the C subunit, blocked LTF when Neurons Produces LTF injected before the 5-HT treatment and continued to Greenberg et al. (1987a) found that an autonomous protein kinase could be formed in Aplysia sensory neurons that had been behaviorally sensitized. We now show that a persistently active PKA can produce LTF. In dissociated cell culture, five pulses of 5-HT produce facilitation that lasts longer than 24 hr. Typically, facilitation doubles the excitatory postsynaptic potential (EPSP) ( Figures 1A and 1B, lines 1 and 2) . A similar increase is produced by injecting free bovine C subunits into sensory neurons ( Figures 1A and 1B, line 3) . Castellucci et al. (1980) showed that injecting C can produce shortterm facilitation. The increased synaptic potential observed 24 hr after injecting the subunit was not simply the persistence of a short-term facilitation mediated by excess kinase remaining in the injected neuron for a day, however, since no increase occurred after the injection of C if protein synthesis was inhibited by anisomycin inhibit when injected at various times for up to 12 hr. normally stable R subunit to degradation increases with The inhibitor had no effect when injected after 12 hr, the degree to which R is saturated with vine R I were ascertained with excess (micromolar) concentrations of the cAMP analog at pH values ranging R Subunits Are Rapidly Degraded from 6.2 to 9.5. Maximal incorporation occurred at pH after 5-HT Treatment 6.5 ( Figure 4A , upper panel); R I subunits labeled at this An autonomous PKA would be generated by a decrease low pH were degraded more rapidly in reticulocyte lyin the R-to-C subunit ratio. We previously showed only sates than were those labeled at pH 7.5 ( Figure 4A , bar that R subunits are degraded 24 hr after the induction of graph). These experiments were done in lysates depleted LTF (Greenberg et al., 1987a; Schwartz and Greenberg, of C subunits; therefore, the difference in R subunit deg-1989; Bergold et al., 1990). If a persistently active protein radation observed implies that dissociation of the holokinase is required early during the formation of LTF, then enzyme to release free R is not sufficient for degradation the degradation of R subunits should be an early event. to occur. As described previously (Hegde et al., 1993, To test this idea, we used confocal immunofluorescence microscopy with an antibody against N4, the major Aplysia R subunit, to determine the distribution and was still decreased at 24 hr ( Figure 3C ; Table 1 ).
22 hr after treatment was measured in four neurons selected at random from each dish. These were selected by using the mean PD15060, an ␣-mercaptoacrylic derivative that inhibits calpains selectively in intact cells (Wang et al., 1996) , Since lactacystin binds proteasomes irreversibly, it could not be used to determine whether proteasome did not block facilitation at 24 hr when applied immediately after sensitization treatment (ϩ77% Ϯ 18%, n ϭ action is needed during the treatment with 5-HT. We therefore used a reversible, membrane-permeant pro-11). Therefore, the effect of MG132, like that of lactacystin, is caused by inhibiting proteasomes, which are likely teasome inhibitor, carbobenzoxyl-leucinyl-leucinyl-leucinal (MG132), to examine the role of protein degradation to be the major proteolytic system required for LTF. None of the protease inhibitors used affected the shortearlier in the development of LTF. MG132 binds reversibly to multiple active sites in proteasomes (Lee and term process ( Table 2 
Mechanism

